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(54) METHOD FOR CLEANING ELECTRONIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a simple method 
for cleaning an electronic material, such as a silicon 
substrate for semiconductors or a glass substrate for 
liquid crystals, that needs to have a highly clean surface 
to a degree of cleanliness equivalent to that attained by 
high-concentration chemical cleaning such as RCA 
cleaning. 

SOLUTION: A method for cleaning an electronic material 
comprising the steps of: cleaning with ozone water 
containing an acid and cleaning with ozone water 
containing an alkali. 
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* NOTICES * 



JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 



"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The washing approach of the electronic ingredient characterized by having the alkaline 
ozone backwashing-by-water process washed with the ozone water which added the acid ozone 
backwashing-by-water process and alkali which are washed with the ozone water which added 
the acid. 

[Claim 2] The washing approach of the electronic ingredient according to claim 1 which added 

the fluoric acid washing process washed with a fluoric acid system drug solution. 

[Claim 3] The washing approach of the electronic ingredient according to claim 1 or 2 which 

added the non-dosing ozone backwashing-by-water process washed with non-dosing ozone 

water. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the washing approach of an electronic 
ingredient. This invention relates to the washing approach of the simple electronic ingredient 
which can wash electronic ingredients with which altitude is asked for the clean surface, such as 
a silicon substrate for semi-conductors, and a glass substrate for liquid crystal, to the 
cleanliness which is equal to high concentration drug solution washing of RCA washing etc. in 
more detail. 
[0002] 

[Description of the Prior Art] The elevated-temperature washing technique using the high- 
concentration drug solution called RCA washing from the former is used for washing of an 
electronic ingredient at many works. RCA washing is the washing approach of heating and using 
the mixed liquor (SPM) of a sulfuric acid and hydrogen peroxide solution for 120-150 degrees C, 
or warming the mixed liquor (APM) of ammonia and hydrogen peroxide solution at 60-80 degrees 
C, and using, or warming and using the mixed liquor (HPM) of a hydrochloric acid and hydrogen 
peroxide solution for 60-80 degrees C. Surely the clean surface will be acquired if RCA washing 
is used. However, the cost pressure by the ultrapure water which the rinse performed by the 
drug solution to be used, the time amount which a drug solution change takes, the interval of a 
change, and the final process takes, the drug solution content wastewater discharged in large 
quantities, the environmental load by drug solution exhaust air, etc. are regarded as questionable, 
and the shift to saving-resources mold washing which does not use a drug solution as much as 
possible is called for. On the other hand, the room temperature washing technique by ozone 
water, hydrogen water, etc. which dissolved the specific gas in ultrapure water slightly was 
developed by this invention persons. Ozone water has very high oxidizing power, and 
demonstrating effectiveness to removal of the organic substance on a substrate and removal of 
noble metals is known. Addition of especially an acid heightens further the removal effectiveness 
of the organic substance and noble metals of ozone water. If ultrasonic irradiation is used 
together here, the effectiveness of organic substance removal will be heightened further. On the 
other hand, if ultrasonic irradiation is used together and washed using hydrogen water, oxygen 
water, rare-gas water, etc., it is shown clearly by this invention persons that effectiveness high 
to removal of a particle is demonstrated. If alkali is added to these wash water, the effectiveness 
which makes F-potential on a foreign matter and the front face of a substrate like-pole nature 
will be acquired, adhesion of a foreign matter will be prevented, and a cleaning effect will be 
reinforced further. Furthermore, various synthetic washing processes which combined these 
approaches also came to be examined. For example, the usage direction who combined the 
organic substance, the ozone water for metal removal, the hydrogen water for particle removal, 
etc. is proposed by this invention persons. Thus, although radical amelioration is advancing, a wet 
washing technique has a high cleaning effect, and is in the situation that development of the still 
simpler washing approach is still called for. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention is made for the purpose of offering the 



washing approach of the simple electronic ingredient which can wash electronic ingredients with 
which altitude is asked for the clean surface, such as a silicon substrate for semi-conductors, 
and a glass substrate for liquid crystal, to the cleanliness which is equal to high concentration 
drug solution washing of RCA washing etc. 
[0004] 

[Means for Solving the Problem] By combining the acid ozone backwashing-by-water process 
washed with the ozone water which added the acid as a result of repeating research 
wholeheartedly that the above-mentioned technical problem should be solved, and the alkaline 
ozone backwashing-by-water process washed with the ozone water which added alkali, this 
invention person finds out that all the organic substance adhering to the front face of an 
electronic ingredient, the metals, and particles can be removed effectively, and came to 
complete this invention based on this knowledge. Namely, the washing approach of the electronic 
ingredient characterized by this invention having the alkaline ozone backwashing-by-water 
process washed with the ozone water which added the acid ozone backwashing-by-water 
process and alkali which are washed with the ozone water which added (1) acid, (2) The washing 
approach of the 1st term which added the washing approach of the electronic ingredient given in 
the 1st term which added the fluoric acid washing process washed with a fluoric acid system 
drug solution, and the non-dosing ozone backwashing-by-water process washed with (3) non- 
dosing ozone water, or an electronic ingredient given in the 2nd term is offered. Furthermore, the 
washing approach of an electronic ingredient given in the 1st term that (4) acids are a 
hydrochloric acid, a sulfuric acid, a nitric acid, or carbonic acid as a desirable mode of this 
invention, (5) Alkali Ammonia, tetramethylammonium hydroxide, The washing approach of the 
electronic ingredient given in the 1st term which is a sodium hydroxide or a potassium hydroxide, 
(6) The washing approach of the electronic ingredient given in the 1st. term washed using the 
single-wafer-processing soaping machine equipped with the nozzle which has an ultrasonic 
oscillation function, (7) The washing approach of the electronic ingredient given in the 3rd term 
which lets ozone water flow continuously and it performs by controlling impregnation of a drug 
solution in order of acid impregnation, alkali impregnation, and non-dosing to ozone water piping, 
(8) The washing approach of an electronic ingredient given in the 3rd term that a fluoric acid 
washing process is added between an alkaline ozone backwashing-by-water process and a non- 
dosing ozone backwashing-by-water process, And (9) fluoric-acid system drug solution can 
mention the washing approach of the electronic ingredient given in the 2nd term which is the 
mixed water solution of fluoric acid, hydrogen peroxide solution and a hydrochloric acid, or a 
nitric acid. 
[0005] 

[Embodiment of the Invention] The washing approach of the electronic ingredient of this 
invention has the alkaline ozone backwashing-by-water process washed with the ozone water 
which added the acid ozone backwashing-by-water process and alkali which are washed with the 
ozone water which added the acid, this invention approach is applicable suitable for washing of 
electronic ingredients, such as the silicon substrate for semi-conductors and the glass substrate 
for liquid crystal with which the clean surface is extremely required of altitude, and a quartz 
substrate for photo masks. Although there is especially no limit in the concentration of the 
ozone water used for this invention approach, it is desirable that they are 0.1 or more mg/L as 
an ozone level, and it is more desirable that they are 1 or more mg/L. There is a possibility that 
a cleaning effect may become that an ozone level is less than 0.1 mg/L inadequate. There is 
especially no limit in the manufacture approach of the ozone water used for this invention 
approach, for example, it can manufacture using ejector mechanism, the gas dissolution pump of 
a suction mold, bubbling equipment, gas transparency film equipment, etc. In these, since the gas 
dissolution pump of ejector mechanism and a suction mold needs to pressurize ozone content 
gas and does not need to supply it, it can be used suitably, and since the easy equipment 
configuration by the member excellent in ozone resistance is possible, ejector mechanism can be 
used especially suitably. Since members, such as a manufacturing installation of ozone water and 
a charging line of ozone water, contact the powerful ozone gas of oxidizing power, and ozone 
water, it is desirable to consist of ingredients which have sufficient ozone resistance. The 



ingredient which carried out the coat as such an ingredient with inactive ingredients, such as 
fluororesins, such as a polytetrafluoroethylene and tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymer and a tetrafluoroethylene-hexafluoropropylene copolymer, a metal which passivated 
the front face, and a quartz, for example can be mentioned. 

[0006] In this invention approach, although there is especially no limit in the acid used for 
preparation of acid ozone water, inorganic acids,, such as a hydrochloric acid, a sulfuric acid, a 
nitric acid, and carbonic acid, can be used suitably. When an acid is a hydrochloric acid, as for 
the concentration of an acid ozone underwater hydrogen chloride, it is desirable that it is 0.1 - 
5,000 mg/L, and when a washed object is a silicon wafer, it is desirable that the concentration of 
a hydrogen chloride is 0.1 - 10 mg/L. There is a possibility that the concentration of a hydrogen 
chloride may become inadequate [ a cleaning effect ] for them to be less than 0.1 mg/L. Even if 
the concentration of a hydrogen chloride exceeds 5,000 mg/L, although it is satisfactory to a 
cleaning effect, a cleaning effect does not necessarily increase further with the concentration of 
a hydrogen chloride. In this invention approach, although there is especially no limit in the alkali 
used for preparation of alkaline ozone water, ammonia, tetramethylammonium hydroxide, a 
sodium hydroxide, a potassium hydroxide, etc. can be used suitably. When alkali is ammonia, as 
for the concentration of alkaline ozone underwater ammonia, it is desirable that it is 0.1 - 5,000 
mg/L, and when a washed object is a silicon wafer, it is desirable that the concentration of 
ammonia is 0.1 - 10 mg/L. There is a possibility that the concentration of ammonia may become 
inadequate [ a cleaning effect ] for them to be less than 0.1 mg/L. Generally, even if the 
concentration of ammonia exceeds 5,000 mg/L, although it is satisfactory to a cleaning effect, a 
cleaning effect does not necessarily increase further with the concentration of ammonia. 
[0007] In this invention approach, the organic substance and noble metals adhering to a washed 
object are effectively removed by performing acid ozone backwashing by water by the high 
oxidizing power which acid ozone water has. Moreover, the particle adhering to a washed object 
is effectively removed by performing alkaline ozone backwashing by water. Although the particle 
removal effectiveness by alkaline ozone water is inferior to hydrogen water a little, it is a little 
excellent and almost more equivalent to oxygen water than rare-gas water. Although the device 
in which a particle is removed by alkaline ozone water is not clear, if it is made alkalinity, in order 
that decomposition of the ozone which dissolved in water may be promoted and oxygen may 
generate, it thinks for deteriorating in the water of approximation in the high oxygen water of the 
particle removal effectiveness as a result. In this invention approach, although there is especially 
no limit in the sequence of an acid ozone backwashing-by-water process and an alkaline ozone 
backwashing-by-water process, it is desirable to perform washing by acid ozone water 
previously. By removing the organic substance which performed washing by acid ozone water 
and adhered to the washed object, and making the front face of a washed object into a 
hydrophilic property, in subsequent washing processes, wash water paste-comes to be easy to a 
washed object, and can raise a cleaning effect to it. In this invention approach, the fluoric acid 
washing process further washed with a fluoric acid system drug solution at an acid ozone 
backwashing-by-water process and an alkaline ozone backwashing-by-water process can be 
added. By adding a fluoric acid washing process, metals other than the noble metals which 
adhered on the surface of the washed object are effectively removable. The mixed liquor which 
especially a limit does not have in the fluoric acid system drug solution to be used, for example, 
mixed the hydrogen peroxide of 10 or less % of the weight of concentration, the nitric acid, the 
hydrogen chloride, etc. to rare fluoric acid of rare fluoric acid of 2 or less % of the weight of 
concentration and 2 or less % of the weight of concentration, or the ozone water which added 
rare fluoric acid of 2 or less % of the weight of concentration can be mentioned. When adding a 
fluoric acid washing process, there is especially no limit in the introductory approach to the 
soaping machine of a fluoric acid system drug solution, for example, liquid sending with a 
chemical-resistant pump, the approach of pressurizing a sealing drug solution tub with inert gas, 
such as pure nitrogen, and sending the liquid, etc. can be mentioned. As for a fluoric acid system 
drug solution charging line, it is desirable to prepare the charging line of dedication apart from an 
ozone water charging line. 

[0008] In this invention approach, the non-dosing ozone backwashing-by-water process washed 



with the non-dosing ozone water which does not add an acid or alkali can be added. By washing 
with non-dosing ozone water, an oxide film is formed on the surface of a substrate, and it 
becomes a hydrophilic property, and when keeping it after washing, a washing side is protected. 
When a gate oxide formation process is in a process after washing, it is desirable to make the 
front face of a substrate into hydrophobicity. Since non-dosing ozone water does not leave a 
foreign matter on the surface of a washed object, it can make a non-dosing ozone backwashing- 
by-water process the last rinse process. Although the last rinse can also be performed using 
ultrapure water, hydrogen water, etc., by using ozone water, it can reduce members, such as 
piping and a bulb, and can simplify cleaning equipment. In this invention approach, it can wash in 
each washing process, irradiating a supersonic wave. In an alkaline ozone backwashing-by-water 
process, since the removal effectiveness of a particle can be remarkably raised by using a 
supersonic wave together, especially the thing for which a supersonic wave is used together is 
desirable. Also in an acid ozone backwashing-by-water process and a fluoric acid washing 
process, a cleaning effect can be heightened by using a supersonic wave together. As for the 
frequency of the supersonic wave to irradiate, it is desirable that it is 20kHz - 3MHz, and in 
order to prevent damage on the front face of a substrate by the cavitation effectiveness which a 
supersonic wave brings about and to acquire a high cleaning effect, it is more desirable that it is 
200kHz - 3MHz. The single-wafer-processing soaping machine equipped with the nozzle which 
especially a limit does not have in the approach of irradiating a supersonic wave, for example, 
has an ultrasonic oscillation function etc. can be used. After washing an electronic ingredient by 
this invention approach, moving to a desiccation process promptly is desirable. There is 
especially no limit about the desiccation approach, for example, when a washing process is the 
spin method of single wafer processing, it can shift to spin desiccation as it is. When it is washing 
processes other than a spin method, isopropanol vapor desiccation, isopropanol permutation 
desiccation, desiccation adapting a Marangoni effect, etc. can be applied. [0009] Drawing 1 is the 
process flow sheet of one mode of the equipment for enforcing the washing approach of the 
electronic ingredient of this invention. Pure water and ozone content gas are supplied to the gas 
dissolution machine 1, ozone water is manufactured, and it is sent out to the ozone water 
charging line 2. The acid impregnation section 3 and the alkali impregnation section 4 are formed 
in the ozone water charging line. An acid is poured into the acid impregnation section with a 
pump 6 from acid vat 5. Alkali is poured into the alkali impregnation section with a pump 8 from 
the alkali tank 7. Homogeneity is mixed in a mixer 9, and the ozone water with which an acid or 
alkali was poured in turns into acid ozone water or alkaline ozone water, and is supplied to a 
soaping machine. In the condition that neither an acid nor alkali is poured in, ozone water is 
supplied to a soaping machine as non-dosing ozone water. Apart from an ozone water charging 
line, a fluoric acid system drug solution is supplied to a soaping machine with a pump 1 1 from the 
fluoric acid system drug solution tank 10. The washing nozzle 12 with an ultrasonic oscillation 
machine is formed in a soaping machine, and acid ozone water, alkaline ozone water, a fluoric 
acid system drug solution, or non-dosing ozone water is held by the wafer chuck 13, and is 
emitted to the washed object 15 which rotates with a drive motor 14. In the equipment of this 
mode, the chemical-feeding section of an acid and alkali can be prepared in one ozone water 
charging line, and acid ozone water, alkaline ozone water, and non-dosing ozone water can be 
made and divided into it only by dosing control from the chemical-feeding section. In order to 
perform the structure reason of each ozone water effectively, as for the chemical-feeding 
section, it is desirable that it is close to a washing nozzle, and it is desirable that it is specifically 
in the range of less than 5m from a washing nozzle in order to secure a quick change response. 
Moreover, the downstream of the chemical-feeding section can also be equipped with a filter. 
[0010] According to this invention approach, the noble metals made troublesome that a very 
simple washing recipe called an acid ozone backwashing-by-water process, an alkaline ozone 
backwashing-by-water process, and a non-dosing ozone backwashing-by-water process is hard 
to remove especially in metal contamination with the organic substance and a particle are 
efficiently removable. Furthermore, by adding washing by the fluoric acid system drug solution, 
and considering as a washing recipe called an acid ozone backwashing-by-water process, an 
alkaline ozone backwashing-by-water process, a fluoric acid washing process, and a non-dosing 



ozone backwashing-by-water process, metals other than noble metals can also be removed 
completely, and the organic substance, a particle, and all metals are removed by altitude. When a 
washed object is a silicon wafer, washing is completed by establishing a non-dosing ozone 
backwashing-by-water process in the pure condition with an oxide film which is hard to pollute 
with a foreign matter, by assembling a washing process based on a tailing mechanism by using as 
the base the ozone water with which the already very high detergency is accepted, from before, 
this invention approach is boiled markedly and builds an easy washing recipe. 
[0011] 

[Example] Although an example is given to below and this invention is further explained to it at a 
detail, this invention is not limited at all by these examples. In addition, in the example and the 
example of a comparison, it is immersed in the water containing an alumina polish particle with a 
mean particle diameter of 0.3 micrometers and copper (II) ion, and was made to pollute 
compulsorily, and further, it was left in the clean room for four days, and the 6 inch silicon wafer 
which carried out organic substance contamination was used for it as a washed object. 7,000- 
9,000 pieces / wafer, and copper converted into 1 - 2x1012 atom / cm2, the organic substance 
converted the initial contamination condition of a washed object into the carbon atom, and its 
particles 0.2 micrometers or more were 1x1013 atom / cm2. Moreover, the ozone water of 
dissolved ozone level 8 mg/L was used as non-dosing ozone water. Acid ozone water added the 
hydrochloric acid in this ozone water, and adjusted it to pH4.0. Alkaline ozone water added 
aqueous ammonia and adjusted it to pH9.4. On the occasion of washing by alkaline ozone water, 
the supersonic wave with a frequency of 1 MHz was irradiated from the megasonic nozzle [Honda 
Electronics Co., Ltd. and an aeropulse]. As a fluorine system drug solution, the water solution 
containing 0.5 % of the weight of hydrogen fluoride and 0.5 % of the weight of hydrogen peroxides 
was used. Rotating a wafer by 500rpm using a single-wafer-processing spin washing station, the 
penetrant remover nozzle was made to swing from the center of a wafer at the pace for 1 
round-trip 10 seconds between edges, and by the flow rate of 25mL(s)/a second, each penetrant 
remover was poured out and washed. The rinse was not performed in the intervals of the change 
of a penetrant remover. Finally, the rotational speed of a wafer was raised to 1,500rpm, and spin 
desiccation was performed for 20 seconds. 

Example 1 acidity ozone backwashing by water, alkaline ozone backwashing by water, fluoric acid 
washing, and non-dosing ozone backwashing by water were performed in this order. For the 
particulate number on the front face of a wafer after desiccation, copper was [ less than two 
1x1010 atom / cm, and the surface result of less than two 3x109 atom / cm, and the organic 
substance ] hydrophilic properties in carbon atom conversion under 100 piece / wafer. 
Example diacid nature ozone backwashing by water, alkaline ozone backwashing by water, and 
non-dosing ozone backwashing by water were performed in this order. 

Example 3 acidity ozone backwashing by water, alkaline ozone backwashing by water, and fluoric 
acid washing were performed in this order. 

Example of comparison 1 acidity ozone backwashing by water, fluoric acid washing, and non- 
dosing ozone backwashing by water were performed in this order. 

Example of comparison 2 alkalinity ozone backwashing by water, fluoric acid washing, and non- 
dosing ozone backwashing by water were performed in this order. The washing process of 
examples 1-3 and the examples 1-2 of a comparison and an evaluation result are shown in the 
1st table. However, the notation of front Naka expresses the following evaluation result, 
particle: — more than under 1,000 more than O 100 piece /, under wafer ** 100 piece / and 
wafer - 1,000 piece / wafer NG / wafer — copper: — 1x1010 atom / [ two or more O 3x109 
atom / less than two cm** 3x109 atom / cm - ] less than two cm organic substance (carbon 
atom conversion): — O 1x1010 atom / less than two cm surface result: — hydrophilic property 
Less than five contact angle hydrophobicity of water Five contact angles or more of water 
[0012] 
[Table 1] 
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[0013] In the example 1 and example 3 which performed acid ozone backwashing by water, 
alkaline ozone backwashing by water, and fluoric acid washing, all the elimination factors of a 
particle, copper, and the organic substance are high, and the clean surface is acquired so that it 
may see in the 1st table. Moreover, in the example 1 which finally performed non-dosing ozone 
backwashing by water, a front face serves as a hydrophilic property, and the front face serves as 
hydrophobicity in the example 3 which did not perform non-dosing ozone backwashing by water. 
An the example 2 which performed acid ozone backwashing by water and alkaline ozone 
backwashing by water, and did not perform fluoric acid washing, although a copper elimination 
factor is a little low, the elimination factor of a particle and the organic substance is high. On the 
other hand, the elimination factor of a particle and copper is a little low, and both the examples 2 
of a comparison of washing that the elimination factor of a particle was low and did not perform 
acid ozone backwashing by water in the example 1 of a comparison which did not perform 
alkaline ozone backwashing by water are insufficient. 
[0014] 

[Effect of the Invention] According to the washing approach of the electronic ingredient of this 
invention, the cleaning effect which is equal to the conventional RCA method is acquired by the 
very easy washing recipe which consists of only ozone water and a small amount of drug 
solution. Moreover, since the drug solution to be used is easy, it can finish very simple also 
setting up the washing station which realizes this washing approach. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] drawing 1 — 1 voice of the equipment for operation of this invention approach — a 
process flow sheet [ like ] — it is . 
[Description of Notations] 

1 Gas Dissolution Machine 

2 Ozone Water Charging Line 

3 Acid Impregnation Section 

4 Alkali Impregnation Section 

5 Acid Vat 

6 Pump 

7 Alkali Tank 

8 Pump 

9 Mixer 

10 Fluoric Acid System Drug Solution Tank 

11 Pump 

12 Washing Nozzle 

1 3 Wafer Chuck 

14 Drive Motor 

1 5 Washed Object 
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DRAWINGS 



[Drawing 1] 
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rem 1 5txf*a 2 mzffi<DW?ttmcowt&j5m, 
r. (4) mt>\ mm. wm. mmyj,t$mre%>z>& 1 

so _3IIE«0«?«SO«E»5Erffi, (5) TfrXVtf. Z> 

ft^- h y >>Ax«7kK{t* y •> i istsK^m 

?«i4©gt#73S, (6) m^mmm&tm-tzsx 

«?*mo?JE»7Erfe, (7) ^^^^jBttwea* 

^#7?^, (8) y vwm&iLntf. 7;wjtttyv 
7k jjt^xg i: vz/ikfo gmmnmctttn sns 
40 ^3riiem©m?^©}5t?f73a, st>*, o) 

amBKtf. 7yKfcii»fc***» iIS?;57ji5§&©ril§r 
[0 0 0 5] 

Rzfyjiti y ^iDLfc^-yvzkT'gtjt-rsT';!/* y 14 
^-v^Tk^xg^wr^o M^T^g 
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LT 0 . 1 jng/LH±T*S5 C t?bW^ I < > lmg/L 
CLhnscktfiDffSU^o ty>8t^0.1mg 

iB*y , >ttK:«nfe«B»U:J:SflB*ft«mfl« 
tf?«ift<DT\ mc»ltcfflv^Ci:^f§o **S> 

^o^^yv^x^^/VTk^gftfi-rsoT*. +#ft 
iS^y^tt^-rswR-eWfiRsns c k##s lv\, 

-^7Wd^d U 207y*« 20 

xi- h LfcWfiftH***? S x ktfT^So 
[0 0 0 6] *Wfl#ttfc*V»T. tttt*!/>7jcOW» 

izm^%mcmcmvm%:^\ mm. mm, mm, » 

0.1 — 1 0mg/LTfeSci:3bWSLi/\ tKtoJcIRO 
jgjgtf 0 . 1 mg/ L S 4: , £: 30 

ftS*5^*l#&S 0 ffifbfciROiBjStf 5 ,0 0 0mg/L 

fg<£>ilfi i: i: fe fcJ5l£#a**— JBB!* 5 v» 5 x « ft 

7;WU^7ytx7TfeS«^ Z;b#Utt*V>7j< 
tpCDT^*— TOWkg.lt, 0 . 1 — 5 ,0 0 Omg/LTfe 

Z>^e-T^i8*^0 .1-1 0mg/LT'£S 
Cktf»SU\ 7>^x7<7)Ifi^0 .lmg/L*« 

ftfctt. 7^x7016^5 ,0 0 0mg/L£:ffi*T 
[0 0 0 7] *»H3ftt«c*5^T, 8tt*W*»fe»* 

fTackjciiD. m&*v>7ktf^?z>7£^m{tti^£ 



So 77l/*ytt*V^>7jcfc:J;saffl?|»*»*tt. 7j<^ 

So *^77ffitC4oU^T^, tttt*!/> 
7K^X@^Z7l/7^Utt^y , >7kSt^X@^. ££>fcl 

7y»j}fe»XS*#iD'rs<ikfcJ:D. 
iWfeO«Elctt* Lft«4««^Oftll*J»*«fcl»* 
t^^mSo ffi«-r*7^»3SaS«K:«FJ«:*JKtt 

ft<. i«2ii%ttTo»7y», m&2m 
m. mm. m&m*z*m&Litm&m. &zw±. 

ztJ^ 2 M % KTOS7 y g^giia L fc * V >7k ft H ;& 

wsx^t^s 0 ^m^xa^ttiD-rsit^ 

B*attO#^^lcJ:«a**. Jf^ft^ft 

tt, *V^>7jc^EBfctt»JU:*fflO««eiBe*H^S 

[0 0 0 8] *5W§#ffite*^Ttt. BDUiTVWjU^ 
^iD L ft v ^3Hi£* y >zk Tgt^-T S «9K ft* V >7j<j}fe 

^xs^fsHnj-rsck^-pffSo mm&* v>7kT~m& 

So W»0»XSfc:y-h»fUi»filcXS^fc*«^Ji: 
T% ^a*^/>*iJfcJ*xs*«»u>^xSi:"r*e: 
5, IBS. 7Vl/^aH©SB*f*«6LT, ^^M^rffi 

s 0 7"7i/*utt*!/>*in=}*xafcfev^tt, asa* 
Ktt^v^Tkistjfxaaif^yKifEJtxsjc^v^T 
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£tf-?^Z>o mM?ZM^$L(Dmm!lte. 2 0kHz~3M 
£rf#£fc&£& % 2 0 0kHz— 3MHzTfe5C D£? 

[0 0 0 9] H l tt, 

>7kfl«SIMFfc:tt. KiiAffi 3 IkZfTfyZ} V SASP 4 

>7K£&oT. «c»«»c««&^n«o KfeTVl/TbyfcSE 

fffi#/X;H 2AWJ6tu Ktt* N />7k, T;l/*U 30 
OlHHE«ns»iJfe»»l 5fctt#£nSo *»«081 

y o3is«ixASi5*s«\ jg«aEA»^ 6 ©*i£«9iao» 
laot, Ktt*y>*. 7;b^ytt^-y>7j<^tjF^ 

;Wc5£v^c£;6W2:L<. RftttfcttftJt^XjWp&S 

[0010] aHMB^rftteintf, •tt*!/>7k*J»x 
a. 7;i/*ytt^y"v7jc»»xsatf«a6a*y"v7kijE 

7jqJfcjf*Xg. T;b*ytt* % />7j<i5t}?XS, 7^ltiJlc» 



[0 0 1 1] 

Ttt, ¥±§SS0 .3 /imOTJl/^BFSfitF^aai) 

XXL 5 y-3/;l/— Afc 4 BMfiatbTW««lJ?5eS^ 6 

^©»JH»Sft«Wtt. 0 .2/imtt±<7)aeW7 ,0 
0 0 — 9,0 O OI/^x^a, Sltf 1—2X1 0 12 H 
^/cm 2 , ^Wft^RjRK^SWLTl x 1 0 J3 fl^ 

ft D 77l/*ytt*V>7ktt, Z>^e-77jc*jSiPLTpH 
9 .4tcp^Lfco T;i/*ytt*V>7K^«J;Si5E»^l« 
Lttt, ^^y-«^yX;i/ ' >W7s*J 

0 .5««%*d*-r«*»«*s^fto tsafesxey 

gE#^S^ffiV\ »>x— 7N«r5 0 Orpm-etsHE^^ft*' 5 

tc. y^xtifrtoft^o^o *^^> ^3L—^<DM$zM 
1,5 0 OrpmtC^T. 2 0 ®PJ^ bf >^^firo 

fc. 

v jL—^gmoim&T&te 1 ooi/^x-Am n 

»3xi o 9 ^/cm 2 *«> WWfttiKJfiJB^IftJJ-e 1 
X 1 0 10 S^/cm 2 *^ ftffitt±*^ttShktt^*^ 

ft. 

■Mt**/>**», ^^ytt^^^joflapatfftaitt 

HSSWI3 

»tt*y>*iJic». 77i/*yit* % />7jcjjfe}*&tf7^K 

ifcttfiW 1 
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7j<gE)#?r c oflstcff -a fe 0 mmm i ~ 3 s.tf umm i ~ 

fflfe? : O 1 0 

A 1 0 0I/>>i-a«±~1 ,0 0 01/^i-a* 



Jit 

NG 1 ,0.0 Ofi/^x— Mj£U: 
81 : © 3X1 0 9 H?/cm 2 *?S 

A 3 X 1 0 9 JM?/cm 2 «±~l X 1 O w m.^ L /cm 2 ^M 

■mwm Qbmm.^&W) : © i x i o^m^/cm^m 

[0 0 12] 
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